Controlling photonic materials by liquid crystal infiltration
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Triggered by a proposal of Busch and John [1], there has been an enormous interest in
recent years in infiltrating photonic crystal with liquid crystals, in order to obtain electric
and magnetic field control over the photonic crystal bandgap. This would allow for
instance to create waveguide structures, filters, and resonators that can be tuned and
switched externally. Whereas temperature tuning was demonstrated [2], so far most
attempts of electric field switching were hampered by surface anchoring of the liquid
crystal [3]. Liquid crystal infiltration was successfully applied in disordered structures in
which case it was used to obtain temperature tuning [4] and electric field switching of
random lasers [5]. Very recently we found a way to overcome the surface anchoring
problems in photonic crystals and have observed huge electric field switching effects
and controllable optical birefringence in liquid crystal infiltrated opals [6].

In this contribution we will give an overview of the possibilities offered by photonic
materials infiltrated by liquid crystals. We will focus on ordered systems (3D photonic
crystals) and report our recent results on electric field switching and controlled
birefringence but will also briefly touch the possibilities in disordered systems and the
role of multiple scattering in photonic crystals.
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